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Abstract 
The recent popularity of ink jet printers has led to the invention of an entire new 
line of paper coatings. These formulations often require cationic additives to achieve 
proper print quality. The effect of these cationic additives and their interaction with 
latexes is studied. This project investigated whether a high solids ink jet coating applied 
via blade coating can give satisfactory print quality, and the extent of interactions among 
latex and cationic additives (delete). The experimental design consisted of two different 
base formulations that were varied by addition levels of polyvinylpyrollidone (PVP), silica, 
latex, and a cationic polymer. These formulations were evaluated by assessing their 
runnability on a cylindrical laboratory coater and determining the coating rheology as well 
as the overall optical, structural, and print properties. 
I 
Background 
The paper industry is very cyclical and as a result goes through continuous up and 
down swings. Many mills today are trying to find ways to eliminate the cyclical nature of 
the business and provide a foundation for a successful future. One way that mills are 
trying to create market stability is by constantly developing new paper grades that will
LI � 
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� profitable market that the paper industry has been striving to find. The number of ink 
jet printers sold each year is still increasing. It is estimated that worldwide in 1996, 
fl I /,, '"­� T "l • ._, 
39million printers were sol�whieh is expected to increase to 45 million in 2001. As 
personal computers became more common, alternative printers were needed to replace the 
slow and low quality dot matrix printers. Ink jet printers were developed to overcome 
these obstacles. Ink jet printers are cheap and are able to produce photo-realistic quality 
in short print times. Ink jets operate by electronically forcing ink from a cartridge onto a 
substrate. The ink is forced onto the substrate as a series of small dots that when 
combined form a continuous image. Most of the first type of ink jet printers utilized water 
based anionic charged inks. The new series of ink jets utilize pigmented ink that..ie-- tb'-L 
modified by the addition of a surfactant. In either case, the mechanisms by which ink jets 
operate require very specific and unique paper properties. Ink jet paper must be able to 
absorb large amounts of ink onto the paper surface in a controlled and precise manner. 
Paper by its nature is hydrophilic and absorbs water readily. As the paper fibers absorb 
water, they will swell and this causes the paper to cockle and become dimensionally 
unstable. Customized paper coatings are formulated to allow ink absorption onto the 
paper without causing dimensional problems. To prevent dimensional instability, the 
2 
pigments in the coating must have a large surface area which allows them to absorb the 
ink readily. A wide variety of pigment types are available for use in coating formulations 
but few match the absorbency of calcium carbonate. Calcium carbonate is available in 
both ground and precipitated forms. Ground calcium carbonate has larger particles than 
those of precipitated calcium carbonate. The absorbency of both forms of calcium 
� ,,,,l.-\
carbonate has it drawbacks; the large surface area of the particles requires a�e binder
1�vv1 
d.emmld to hold the pigment to the sheet. The amount of absorbency that is required by 
ink jet applications is so great that calcium carbonate is not enough. Silica is added to the 
coating as it is very absorbent and provides an even greater surface area. Silica comes in a 
variety of forms; which differ from one another in molecular weight and degree of 
hydrolysis. T �-there--are-also-gel.silicas. that provide-a--largef-SWfare-area-then ? .--- .-_) ��e".,.�_,;�.:;�
powdered--siliea. 
There are many different types of binders that are used in coating formulations. 
They differ from each other in their binding ability, achievable solids level, make-up 
requirements, and cost. Polyvinyl alcohol (PVOH) is by far the strongest binder available 
for use1 being three to four times more effective than starch and two to three times more 
/ ) ' 
� I JV,a effective than protein. PVOH is prepared iroib almost completeprdrolysis 9TPolyvinyl 
acetate. PVOH is available in a variety of forms depending on the degree of hydrolysis 
and molecular weight. The polymer chain consists of a carbon-carbon backbone, with 
every other carbon containing a hydroxyl group. The small size and large hydrogen 
bonding capacity of the hydroxyl groups leads to a high adhesive ability of PVOH to bond 
with fiber, pigment, and itself The medium to high molecular weight PVOH isr,nost 
suited for use in paper coatings. Polyvinyl alcohol is prepared by adding dry powder to 
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water then heating at 100°F for thirty minutes. It is usually prepared in concentrations 
between 5 and 20%. The high adhesive ability of PVOH makes it ideal for use in ink jet 
coating formulations. A low binder addition level can lead to higher opacity, brightness, 
and gloss. The drawbacks ofPVOH are its high cost, viscosity, and lengthy preparation. 
Binder addition levels are kept to a minimum in order to reduce the negative effect they 
have on optical properties, mainly brightness, opacity, and gloss. 
Basepaper plays a vital role in the overall print quality of the coated sheet. 
Extensive studies have been conducted to evaluate which properties of the basepaper have 
the biggest effect on print and optical properties. Although good formation of the base 
sheet is important, sizing level is by far the most crucial parameter. 
Getting a good understanding of ink jet print quality is difficult because the 
technology is still evolving, new printers are introduced quickly, and differences in ink 
exist between manufacture. Inkjet print quality is a function of ink and printer type but 
paper properties like: formation, roughness, type and amount of filler, pulp type, and 
amount of size press starch also play a role. Of all these paper parameters sizing level 
seems to have the most significant affect on print quality by controlling color density and 
sharpness. 
Hewlett-Packard is the largest producer of inkjet printers in the world and has 
become the standard for ink jet printing. Hewlett-Packard has issued two sets of print 
criteria that are used to determine ink jet printability. These criteria provide guidelines for 
evaluation of a variety of print properties like: optical densities, wicking, feathering, 
cockling, ink dry time, and water fastness. Ink jet print quality is mostly quantified by ink 
density and visual assessment of the four process colors and monochromatic black. Image 
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analysis is a newly evolving technique for quantifying print quality. The only problem with 
this test method is that there are no set standards to follow. Today there is a good 
understanding of the effects of internal and external surface sizing on monochromatic 
black printing, yet little is know about their effect on color printing. For example Sakai et 
al. Have used the Bristow wheel ink absorption test to correlate .Ink Jet Print Quality to 
paper parameters. 1 Varnell was able to correlate Ink Jet Print Quality, i.e., monochrome 
black optical density, to the contact angle of paper.2 Glittenberg and Bergh have reported 
on the influence of starch on Ink Jet Print Quality. 3 The ink jet is well suited for testing of 
print quality because the amount of ink delivered to the sheet is uniform and very 
reproducible. The electronic distribution of ink onto the substrate accounts for this high 
level of reproducibility. This is unique because most other methods of printing rely on ink 
applied by way of rolls. In these types of applications jhe variability of ink spread onto the 
cylinder places a large amount of error into the test results. These features of the ink jet 
have made it very effective for testing on all paper grades. 
5 
Introduction 
Paper manufactured solely for use in ink jet printers requires very specific 
properties to produce a high quality image. Ink jet printers operate by placing a large 
amount of ink onto the substrate in a short dwell time. Multi-purpose printing papers do 
not possess the ink hold out that is necessary for use in ink jet printers. Printing on these 
types of papers will produce low quality images that are plagued with wicking, feathering, 
and edge roughness. This phenomenon would be magnified if papers were used that do 
not have coatings applied to them. The coating and basesheet play the most vital roles in 
determining the overall print performance of the sheet. The properties in the basesheet 
that have the most profound effect on print quality are: formation, sizing level, and 
dimensional stability. Of these three key properties, sizing level is by far the most 
important and is the key variable that is targeted when manufacturing this grade. The level 
of sizing effects the optical density and the degree of ink diffusion into the sheet. Optical 
density is evaluated by measuring composite black, chromatic black, and the amount of 
color to color bleed. After talking with several producers of ink jet printing paper, the 
best performing sheets have sizing levels varying from 30-60 s, on the Hercules size tester 
with 800/4 reflectance. As the degree of sizing level is increased, the optical density also 
increases. Increasing the level of sizing decreases the amount of ink penetration into the 
sheet and retains the bulk of the ink at the surface. Higher levels of sizing have a 
damaging effect on the amount of color to color bleed. The key in determining sizing is to 
find a level that is a compromise between optical density and amount of ink penetration. 
A sheet with high sizing will have excellent optical density but most ink will be retained at 
the surface where it has time to mix together. This ink mixing will cause spreading 
6 
between colors and excessive wicking which will result in poor print quality. There has 
(') 
been extensive research conducted to determine which type of internal size provides the 
(�1•··\) ,uj.;,'-'_,•�
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sheet with optimum ink jet properties. Sizing is defined as resistance to penetrating 
substances. Most sizing tests utilize water-based inks to determine what level of 
penetration resistance they posses. Most of the first series inks consist of water based inks 
and varying amounts of surfactant and dyes. These later compounds can respond 
differently to sizing than water. The two most common types of size material are ASA 
•A O • ti, •:
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and AKO. ASA is less effective as a sizing agent than AKD because of itiability to handle 
water based inks. On an ASA sized paper, ink is able to penetrate more quickly into the 
paper resulting in lower optical densities than found for AKD sized paper. 4 Most ink jet 
grades require a high brightness to provide maximum sheet appearance. This high optical 
brightness is obtained by using AKD sizing. In addition to the internal sizing of AKO, 
many ink jet paper are surface treated to further enhance the print quality. This surface 
treatment usually consists of starch and latex that are applied at the size press in levels of 
.1 % wt. Although the surface treatment adds to the optical density jts effects are minimal 
compared to the effects of the internal sizing agent. 
Although the base sheet contributes to the overall quality of the sheet, the coating 
plays the key role in determining sheet properties. With ink jet printing, large amounts of 
ink are spread on to the paper surface and the paper must posses the ability to efficiently 
handle this ink. To accommodate for this,coating formulations are designed with large 
surface area pigments such as ground and precipitated carbonate and silica. The silicas 
have the largest particle size and are very efficient in absorbing the ink. The low attainable 
solids level of silicas and high cost make them impractical for sole pigment make-up. To 
7 
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resolve this problem, precipitated calcium carbonates are substituted for the silica which 
gives higher solids level and reduces the cost. If the coating formulation is too absorbent, 
the pigment will draw the ink from the surface into the base sheet resulting in poor color 
density. To prevent this from happening coatings must be formulated to quickly absorb 
ink into the sheet while keeping the color density close to the surface. The only drawback 
of this high absorbency ink is the high binder demand. The large particle surface requires 
a strong binder that can keep the pigment bound to the sheet. Polyvinyl alcohol (PVOH) 
is the strongest binder available and is very efficient at keeping the pigment bound in the 
coating. PVOH is very expensive and is limited to low solids levels. As a result ofthis
1 
some mills have found it beneficial to find alternatives to PVOH. Latex has been used as a 
t¥;�'
PVOH replacement and allows a higher solids level to be achieved. Many of these latexes 
are manufactured with a certain charge level. The charge on these latexes must be 
compatible with the pigments and other additives used in the coating formulation. Various 
additives are integrated into the coating formulation to help establish this dual mechanism 
ink absorption. The key additive that provides this capability is various cationic polymers. 
The cationic nature of these polymers draws the anionic ink vehicle into the sheet while 
leaving the pigment at the sheet's surface. These cationic polymers give the sheet a high 
optical density and great color brilliance. Many different types of cationic polymers are 
available on the market today. They differ from each other in the types and quantity of 
amine groups. Polyvinyl-pyrollidone (PVP) is one such polymer that has found great use 
in ink jet formulations. In addition to its cationic nature PVP reduces the viscosity of the 
coating. Tests have to be conducted to determine what level of cationic polymer is 
necessary to provide optimum ink density to the sheet. If cationic addition level is too 
8 
high, the high charge density will interact with other coating components and cause 
particle flocculation. If these agglomerated particles are not screened from the coating 
formulation they will lead to runnability problems on the coater. 
9 
Experiment 
The initial focus of this experiment was to design a coating formulation that 
resembles a high quality ink jet formulation. Once this coating formulation was designed it 
would be used to evaluate the effects of various additives on the optical and print 
properties of the coated sheet. Utilizing a formulation that is representative of the 
coatings used by inkjet producers will assure that the findings of this experiment are 
applicable. The first step in designing the coating was to research what characteristics 
were needed to formulate a high quality ink jet coating. After reviewing previous 
experiments and talking with several h1dustry producers, the key coating characteristks 
were established and a formulation was designed to meet these set points. A typical 
formulation consists of calcium carbonate as the pigment and PVOH as the coating binder. 
B Ink jet coatings are usually applied via a blade coater and the targeted coat weight was 
between 6-8 g/m/\2. Most ink jet coatings are run at solids levels ranging from 20-30%. 
With these specifications in mind a formulation was designed to determine is effectiveness. 
The first experimental design ( figure 1) consisted of two separate base 
formulations, latexes, and level of cationic additive. The base formulations differed in the 
amount of silica present. The large open structure of the silica caused an increase in 
binder content for the formulations with high silica content. The two latexes differed in 
the type of charge, one was anionic and the other nonionic. The difference in the charge 
was a result of degree of carboxyl substitution on the latex polymer. The polymer with 
higher substitution was the one that carried an anionic charge. These formulations were 
prepared using a high speed coating disperser and the pigments were mixed to the 
10 
maximum solids level. The PVOH required 30 minutes of steam cooking at a temperature 
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Ground Calcium Carbonate 77% 
45% 
16.1% 
Once the pigments were all dispersed they were added together at various addition 
levels to create the eight different coating formulations. Visual comparisons of the 
coatings rheology revealed that the formulations were all about the same and the effects of 
charge had little impact on viscosity. The coatings were then applied to 8 ½ * 11 sheets 
using a laboratory draw down coater. This was done using a #9 rod which would deliver 
a coat weight around 8 g/m"2. After the sheets were coated they were printed using a 
Hewlett Packard series one print pattern. These print patters were used to make visual 
comparisons between the various coating formulations. Although it appeared that the 
charge of the latex had little effect on the coating rheology it was apparent that the 
formulations with cationic PVP had better print density. 
Results of the first round of drawdowns indicate that the difference in charge 
between the two latexes was insignificant. Comparing the print properties of the coated 
sheets supported this. The coating formulations that contained l pph PVP had a higher 
level of print density that resulted in more color brilliance. All the fomrulations seemed to 
coat evenly with the low shear of the laboratory draw down coater. After compiling these 
11 
results it was evident that the formulations needed a higher level of cationic charge to 
compare its effect on print quality and coating runnability. 
A second batch of coating formulations was prepared following the same design of 
run one but this time a higher level of cationic charge was introduced to the co�tings. The 
""\ , ... --i , .• ,-:._� . ..,._,, r 
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experimental design for these formulations can be seen in figure 2/i.Along with an increase 
in the addition level of the PVP, a cationic polymer was also added to increase the cationic 
nature of the formulations. The coating formulations with high cationic charge had a very 
low viscosity and immediately started to lock-up when removed from the shear of the 
mixer. This low viscosity made it difficult to completely cover the base sheet with the 
laboratory draw down coater. The shear in this coater was not high enough to break up 
the agglomerates that had formed as a result to the cationic charge. After all the sheets 
were coated they were printed using the same HP print pattern. 
The printed sheets from the second round of drawdowns exhibited a higher level of 
print density than the first run. The coatings with a high cationic level, resulted in higher 
print density and better overall print quality. Although the print quality was higher in 
these formulations the rheology raised questions about the runnability on high-speed 
coater. 
The final round of testing involved using the formulations from run #2 and 
evaluating their runnability on a Cylindrical Laboratory Coater (CLC.) These formulations 
were mixed using the same methods but this time was screened before running on the 
CLC. The coatings were screened to remove any particle agglomerations that would 
cause streaking in the coated sheets. The coatings were run using a blade and the targeted 
coat weight was 7 g/m"2 +/- .2. 
12 
All of the coatings ran well on the CLC and the targeted coat weights were easily 
attained. The formulations that were hard to coat using the draw down coater also ran 
well on the CLC. It was evident that the screening and the high shear of the blade 
dispersed the agglomerated particles, which allowed the coatings to spread evenly on the 
sheet. Once all the formulations had been run on the CLC, they were analyzed using the 
Hercules Viscometer to compare viscosities and determine if charge had any affect on it. 
The coated sheets were cut to size and printed using the HP test pattern. The print quality 
of these sheets was determined by measuring the color gloss, density, and bleeding. The 
print pattern was also tested for ink wicking and spreading using an image analysis 
program. The unprinted sheets were tested for opacity, smoothness, porosity, HST, 
brightness, wet rub and IGT. 
13 
Results 
All the graphs and data can be seen in the appendix section. The data from this 
experiment illustrates the general trends that are expected when additives are varied. 
After analyzing the data, it was apparent that the trends are present but are not as 
pronounced as first expected. The base sheet that was used in this experiment was not a 
typical grade that is used in ink jet paper. The high size level of the base sheet had a 
detrimental effect on the coatings and is responsible for the lack of clearly defined trends. 
The high sizing of the base sheet prevented the ink from penetrating into the sheet, instead 
the ink was pooled at the surface and the ink traveled laterally. A graph comparing the 
sizing levels of the coating formulations to a commercial grade illustrates that the sizing 
level was extremely high. This high ink hold-out led to a long dry time for the printed 
sheets and made it difficult to determine the effects of the additives on print quality. In 
normal ink jet papers the ink vehicle is pulled into the basesheet while the ink pigment is 
left at the surface. The lack of ink mobility in these coated sheets left large amounts of ink 
on the surface of the sheet where the colors were able to bleed together. This 
phenomenon is supported by the trends in the print quality data. The color density of the 
coated sheets indicates that the colors ran together and resulted in a lower density than 
that of a commercial ink jet grade. This bleeding can be seen visually by comparing the 
edges of the print patter. The image analysis data also indicates that the sheets had high 
levels of bleeding. When looking at the line width of the test pattern, the values are 
relatively high which means the ink was allowed to spread out on the sheet causing color 
bleeding. Despite this large scale bleeding, the image analysis of the line perimeter 
indicated that the cationic charge in the coating formulations decreased the amount of ink 
14 
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wicking. A low wicking effect means that the ink has a sharp edge and results in a high 
quality printed image. The ink gloss evaluation revealed that the high sizing level caused 
ink holdout, which resulted in high ink gloss values. Since the ink was able to penetrate 
into the entire ink pigment and vehicle were left on the surface giving high light deflection. 
The optical properties of the coated sheet contained the most variability in data 
values. It is a know fact in coatings that as binder level is increased the optical properties 
decrease. A slight trend in the data supports this theory. The coatings that had a higher 
level of binder exhibited lower opacity and brightness values. There doesn't seem to be 
any evidence to establish a relationship between optical properties and level of cationic 
charge. 
Pigment addition level dictates the structural properties of the coated sheets. The 
main reason that coatings are added to paper is to impart different structural properties to 
the sheet. High quality ink jet papers require a coating with high porosity and smoothness 
levels. The sheets with high silica levels produced the most porous sheet. This is a result 
of the large surface area of silica particles. The large size of silica particles provides for 
high amounts of open space to exist between particles. The coatings that had a high 
porosity level also had a rougher surface. The inverse relationship between P<?rosity and 
smoothness is also caused by particle size. Large pigment particles create a porous 
structure, which creates a rough surface plagued with high and low areas. The key to 
optimizing the structural properties of a coating is to find a ratio of pigments that provide 
porosity to the sheet without sacrificing smoothness. 
Cationic polymers are added to ink jet formulations to maximize the mechanism of 
ink penetration into the sheet. Most ink jets utilize anionic ink that becomes attracted to 
15 
the cationic polymer in the coating. This attraction allows the pigment portion on the ink 
to remain at the surface and the vehicle portion to penetrate into the sheet. When this 
mechanism is maximized, the resulting coating produces a high quality image with sharp 
edges and high color densities. The formulations in this experiment that had a high level 
of cationic charge exhibited superior print quality. This level of print quality would have 
been more pronounced if the basesheet would have been sized to a lower level. 
16 
Conclusion 
Ink jet printers deliver a large amount of ink to the substrate in a short dwell time. To 
accommodate this printing method, specially formulated coatings must be developed. A coating 
with a large surface area provides the paper with the ability to absorb the large ink volumes. Silica 
particles are well suited for these coatings because they provide the coating with large absorbency 
ability. The large particles of silica require very strong binder to hold these particles to the surface 
of the sheet. Polyvinyl Alcohol is the strongest binder available and is well suited for use in inkjet 
coatings. Silica and PVOH are ideal for use in ink jet formulations but their low solids level and 
high cost make them less efficient for commercial use. 
Once a base formulation has been developed to efficiently absorb ink, the coating needs to 
be modified to place preference on what aspects of the ink are absorbed. A coating designed to 
absorb the vehicle portion of the ink into the basesheet while leaving the pigment at the surface will 
yield a high print quality. To achieve this dual absorbency mechanism, coatings are given a 
cationic charge which forces the anionic ink pigment to stay at the surface. Keeping the majority 
of the ink at the surface of the sheet will promote high color densities that lead to photo-realistic 
images. The results of this experiment indicate that as the cationic nature of the coating is 
increased the overall print quality of the sheet also increases. The experiment also proved how 
important of a role the base sheet plays in the adsorption of ink. If a base sheet is used that has 
been sized to a high level the water portion of the ink will not get absorbed away for the surface 
and the print quality will diminish. The highly sized sheet lowers the print quality because the ink 
is restricted to movement in only a lateral direction. This lateral ink migration allows for wicking, 
spreading, and color bleeding to lower the sheets overall print quality. 
17 
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EXPERIMENf AL DESIGN 
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20% Silica 40% Silica 20% Silica 40% Silica 20% Silica 40% Silica 20% Silica 40% Silica 
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30% PVOH 50% PVOH 
70% Latex 50% Latex 
,__ _ __ ,,,_..,.,..,...,.,_,_.,.,.,.,.� 
-=r···-- -··--c· . . . ·-----=r·----
� --· �-��--··- _  J __ ,. ·- --· 
20pph 25pph 20pph 25pph 
30% PVOH 50% PVOH 30% PVOH 50% PVOH 
70% Latex 50% Latex 70°/4 Latex 50% Latex 
.... _,_,,,., .... -.� ..... .....-. ........ ,,.,,. __,, ,.., ..... _.,_....__)-� 
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1. ..... . --···---·-.. ··-·-1 
Formulation #2 -... ·-~--1---·- ... 
--~,.••••••••••• .. L-, .. -. .. Mv.,. ---- . � ... ..l. ....... ,-... ...
Anionic Latex Nonionic Latex 
2.5 pph PVP 2.5pph PVP 
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, 20% Silica 
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40% Silica 20% Silica 40% Silica . 20% Silica 40% Silica 20% Silica 40% Silica 
50% GCC 30% GCC 50% GCC 30% GCC 50% GCC 30% GCC 50% GCC 30% GCC 
30% Clacine Clay . 30% Calcine Clay 30% Clacine Clay 30% Calcine Clay 30% Clacine Clay 30% Calcine Clay 30% Clacine Clay 30% Calcine Clay 
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50% PVOH 30% PVOH 50% PVOH 
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..... ,<  .................................... ·-� ................. .,,,...,�-: .. •,, .......... .. ........ -_., ............ .,... .. ' 
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40% Silica 40% Sil�a 40% Sil�a 40% Silica 20% Silica I 20% Sil�a 20% Silica · 20% Silica 
30% GCC 30% GCC 30% GCC 30% GCC 50% GCC 50% GCC 50% GCC 50% GCC 





70% Latex 70% Latex 70% Latex 
. - --- \=~Ph-- . -~-2~;h=- . -~~-- . . --20~~~ - --2of ph . - ·- J ---2i~- .. 
50% PVOH 50% PVOH 50% PVOH 30% PVOH 30% 'PVOH ,JO% PVOH 30% PYOH 
1 50% Latex 50% Latex 70% Latex 
'·-- · ..... ,.......... --- '"' "~•-•-<>••··~ 
Porosity Values 
mean std mean std 












































Coating mean std Coating mean std 



















































Image Analysis Data 
Area Perimeter Length Width 
#1 32734.72 2338.248 855.6515 68.83107 
#2 40664.58 2217.419 852.0903 71.66667 
#3 30412.5 2334.563 839.3172 64.58818 
#4 37505.55 2389.529 853.3636 76.73923 
#5 33152.08 2496.409 849.527 68.41466 
#6 38434.03 2152.219 852.2169 72.5 
#7 31191.67 2299.853 851.2444 67.16644 
#8 34290.28 2320.764 847.1423 77.08334 
#9 28754.17 2367.012 846.0516 64.59911 
#10 26826.39 2386.281 849.0566 62.58914 
































































































































































































































































Color Density Values 
y m C b y m C b 
1 0.91 1.21 1.27 1.56 6 0.78 0.99 1.02 1.41 
0.93 1.2 1.29 1.57 0.78 0.98 1.04 1.42 
0.93 1.22 1.29 1.54 0.8 0.98 1.03 1.41 
0.95 1.19 1.28 1.55 0.8 0.98 1.03 1.42 
0.91 1.2 1.27 1.58 0.79 1.04 1.02 1.42 
Mean 0.926 1.204 1.28 1.56 Mean 0.79 0.994 1.028 1.416 
Std. Dev. 0.016733 0.011402 0.01 0.015811 Std. Dev. 0.01 0.026077 0.008367 0.005477 
2 0.76 1.13 1.05 1.41 7 0.91 1.2 1.28 1.45 
0.77 1.04 1.01 1.44 0.92 1.2 1.27 1.52 
0.77 1.06 1.07 1.43 0.95 1.19 1.28 1.53 
0.81 1.13 1.1 1.42 0.93 1.17 1.29 1.55 
0.82 1.13 1.14 1.39 0.93 1.18 1.3 1.48 
Mean 0.786 1.098 1.074 1.418 Mean 0.928 1.188 1.284 1.506 
Std. Dev. 0.027019 0.044385 0.049295 0.019235 Std. Dev. 0.014832 0.013038 0.011402 0.040373 
3 0.91 1.21 1.27 1.49 8 0.9 1.18 1.25 1.61 
0.92 1.22 1.27 1.55 0.91 1.16 1.24 1.55 
0.92 1.21 1.28 1.55 0.91 1.17 1.25 1.57 
0.93 1.22 1.28 1.69 0.91 1.17 1.26 1.59 
0.92 1.22 1.28 1.58 0.9 1.18 1.25 1.64 
Mean 0.92 1.216 1.276 1.572 Mean 0.906 1.172 1.25 1.592 
Std. Dev. 0.007071 0.005477 0.005477 0.073621 Std. Dev. 0.005477 0.008367 0.007071 0.034928 
4 0.9 1.17 1.27 1.51 
0.89 1.18 1.23 1.5 avery 1.06 1.47 1.58 1.6 
0.91 1.18 1.25 1.49 1.07 1.46 1.58 1.6 
0.9 1.18 1.23 1.54 1.09 1.44 1.6 1.6 
0.92 1.17 1.26 1.52 1.09 1.46 1.59 1.6 
Mean 0.904 1.176 1.248 1.512 1.08 1.45 1.58 1.6 
Std. Dev. 0.011402 0.005477 0.017889 0.019235 Mean 1.078 1.456 1.586 1.6 
Std. Dev. 0.013038 0.011402 0.008944 2.11E-08 
5 0.9 1.23 1.27 1.45 
0.9 1.23 1.28 1.48 
0.91 1.2 1.27 1.43 
0.92 1.2 1.28 1.49 
0.92 1.21 1.29 1.54 
Mean 0.91 1.214 1.278 ·1.478




1.5 +------------------------------ ,y P: I 





C 1.2 1------- - ---��A;-----;---;:::,-,-��;_�.....-�:::::=--- - ----;,4L:_ _____ __ J// I
1.1 
� 7 // I 
11 # � � 
-
I 
0.9 +-----__.,,.__ ____ ----r., __________ -r-________ .............,. _________ ---t 
y m C b 
[_.._Coating #1 · l, · Coating #3 ----M-Coating #4 ----Coating #5 -+-Coating #7 --Coating '1#8 Avery -Coating #2 _.._ Coating #6 ] 
,#7 // - =============== ---
,// / / 
Opacity Values 
TAP.Pl opacity print opacity 
#1 94.28 94.35 
#2 94.5 94.32 
#3 94.42 94.51 
14 93.32 92.84 
W5 95.56 95.75 
#6 94.24 93.95 
#7 94.18 94.17 
#8 92.52 92.15 
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Coating Average Values 
#1 85.01 
#2 89.7375 89.19 89.65 90.31 89.8 
#3 88.605 85.63 89.12 8.9.18 . 90.49 
··--·-.:... ---·- ___  ..___..,;._ 
90.325 90.65 90.39 90.07 90.19 
#5 87.97 83.44 89.79 89.62 89.03 
#6 90.12 89.49 89.67 90.67 90.65 
#7 89.0525 89.72 88.33 88.51 89.65 
#8 90.2075 90.04 90.1 90.79 89.9 














#1 #2 #3 
Brightness 
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